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ABSTRACT 
This paper reports an investigation on the economic aspects 
of a typical hybrid  energy system  for remote  islands in 
Thailand. In addition to the utilization of  renewable energy, 
the study has based  on different electrical load profiles 
simulating typical usage within a year. The simulation study 
and the optimization of hybrid energy system are bused on a 
computer program called EOMER, as the simulation tool. 
From the economic analysis, the capital cos4 net present eost 
and cost of energy are determined for different types of 
system configuration. Results from the study will be useful to 
aid business and investment decisions on choosing the most 
appropriate system for  the island resorts. 
1. JNTRODUCI'ION 
In  the past  few  years,  tourismindustry in Thailand has 
enjoyed  a steady  growth  in  the  number  of visitors  by 
approximately  10%  each  year.  For  the  year  2002,  it  is 
expected that the number will reach well over 10 millions. 
Tourism Authority of Thailand also targets the number to 
exceed  15 millions by 2006. One of the main attractions of 
Thailand lies in the natural beauty of many remote islands. 
However,  with  the  increasing' demand  on services  and 
facilitates. the ability to ensure reliable electricity supply 
is  essential  to  the  success 6  any future development. 
While it seems that traditional fossil fuel based generators 
will he the solution, the long term fuel and transportation 
costs  %e  important  factors  ,influencing  the  economic 
decision. In addition, the impacts on the environment due 
to emission and noise cannot be overlooked. 
The  Hybrid  Renewable  Energy  System  (HES)  has 
received much attention over the past decade. It is a viable 
alternative  solution  as compared  to systems which  rely 
entirely on hydrocarbon  fuel. Apart  from the mobility of 
the system, it also has longer life cycle. In particular, the 
integrated approach makes a hybrid system to be the most 
appropriate  for  isolated  communities  such  as  remote 
islands and resorts in Thailand. 
A  typical  hybrid  energy  system  comprises  of an electric 
generator, renewable  energy inputs based on photovoltaic 
(PV) module and/or  wind generator, storage battery  and a 
hGdirectional  inverter.  The  function  of the inverter  is to 
enable the energy to he taken in or out of the battery. So far, 
the research  on hybrid energy systems has concentrated in 
technical and economical analysis. The decisions to be made 
are: 




Initial and long term costs 
Comparison  study  has  been  made  between  a  centralized 
system supplying to a number of consumers and individual 
PV systems. A study in Syria has found that the installation 
cost  of  centralized  system  is  more  expensive  than  [he 
individual approach  [I].  However, the users have preferred 
the centralized system because it provided the conventional 
A.C.  supply  while  the individual  systems were  based  on 
D.C. 
A typical decentralized hybrid energy system integrates PV 
modules, wind generator,  diesel  generator(s), battery  bank 
and inverter. The main objective is to provide 24 hours grid 
quality AC power in  remote communities. In  general, there 
are different types of configuration,  the parallel, series and 
switched modes  [2].  The parallel  hybrid  system  has more 
advantages  than  the series and switched modes of hybrid 
systems., It  is  able  to  meet  optimal  system  loading, 
maximize  the  generator  efficiency  and  minimize  the 
generator  maintenance  requirements  121.  In addition,  by 
incorporating  appropriate power  conditioning  and  control 
algorithm, the hybrid  system may be expected to provide a 
near optimal load on the diesel generator, extract maximum 
PV power, reduce peak  capacities of diesel generator  and 
inverter, and increase the overall capacity of system [3] 
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1966 An  example of  demonsbating the potential  of PV stand- 
alone  system  was  shown  in  Japan.  A  stand-alone 
PVidiesel hybrid  system,  on  Miyako  island,  has  been 
providing  electrical  power  to  250  houses  in  the 
community. For  the  same  demand  in  the  form  of  grid 
support, it  would have required approximately 808 MWh 
annual power load [4]. 
Thailand has many parts of the country that lack of the 
supply of  electricity from the main grids. From previous 
records, it is estimated that approximately 24 %,  3.6 from 
15.3  millions,  of  households  in  the  whole  country  no 
electricity [5]. Koa Tao is  a typical example of a remote 
island in  Thailand. The population  on the island have no 
access  to electricity  supply  from  grid  extension. While 
some of the households have access to electricity supply 
generated  from  local  diesel  generators,  most  of  the 
remaining  residents  have  no  access  to  any  electricity 
resouces at  all.  Because electricity  is  one  of the  most 
important  factors  for' socioeconomic development, the 
hybrid system is a feasible solution to the pmhlem. 
LOAD  REsoliRCES  COMPOW 
In this  study,  it is  aimed to investigate a full range  of 
conventional and renewable options for the generation and 
supply of electricity  energy  using  analytical tools.  The 
results of this study will lead to planning and design of the 
final system on the island. 
OPIIMlZATlON 
2.CASE STUDY 
The information on'the case study is based on KO Tao [6]. 
It  is expected that KO  Tao will become another Phuket, 
attracting many international tourists in the coming years. 
The island is located at  10 deg 6 min North at a distance 
75h  from the city of Chumphon. At present, there are 
about  1000 residents  living  in  about  170 houses.  The 
increase in the resident population is expected to be  10% 
per annum. Depending on the season, between 100 to 400 
tourists  regularly  visit  the island  for  water  sports  and 
recreation. On average, each tourist stays for a week each 
in  the  holiday  units  and  bungalows.  The  standard  of 
accommodation  varies  in  accordance  to  the  level  of 
conveniences. The electrical load demand is assumed to 
be approximately  306  kWday and  the  average  wind 
speed  is  roughly  5.0 ds. In  this  study,  the  electrical 
appliances on the island is assumed to consist of the basic 
electrical  load  equipments  such  as 60W  incandescent 
lamp, 20W  and  40W  fluorescent  lamps,  70W  and  75W 
tdevisiou  sets,  IOW  radio,  1kW  electric  iron  and  fan. 
Furthermore, the load profile for a whole year is shown in 
Fig  1. The maximum load demand occurs from January to 
April (dry season) due to the majority of residents operate 
a  fan or  an  air  conditioner. While the low load demand 
occurs during November to December (Stormy season). 
NFI  PRESENT 
COST 
The simulation  on the economic  aspects  of the  proposed 
hybrid  energy systems  is based  on  a  simulation  software 
called  HOMER  [7].  The  architecture  of  the  software  is 
divided into three  parts  as shown  in  Fig  2. Inputs to be 
provided to the system are: 
theaverage 24 hours load profile in one year, 
information on the system components, and 
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Fig 2. Architecture of the Simulation and Optimization 
modules 
In this  study, the  model  has  considered  all the possible 
energy resources for the purpose of optimization. In terms of 
the  component  costs  for  the  PV,  Wind  turbine,  Diesel, 
Battery  and Inverter, they  are based  on a study from the 
I967 International  Centre  for  Application  of  Solar  Energy 
(CASE)  made in 2001 [6] 
In the economical analysis, the capital cost, net present 
cost  and  cost  of energy  are  defined  as  shown  in  the 
following equations: 
Total capital cost = 
Sum of initial caoital cost of each hvbrid system  .. 
components + fixed system costs  (1) 
Total annualized cost = 
Sum  of  annualized cost  of each hybrid system 
components  (2) 
where 
annualized cost = 
annualized capital cost 
+ annual Operating and Maintenance cost 
+annual fuel cost (if applicable) 
The total net present cost ~SPC)  is 
where 
CSnn,,,  =total annualized cost [$/VI 
CRF  =capital recovery factor 
=  i x (l+ir / [(l+i)" -I] 
(i =interest rate [%],  n =  number ofyeas) 
(3) 
3. SIMULATION RESULTS AND  DISCUSSION 
The simulation results are shown in Table 1. Five cases of 
hybrid systems have been considered. The second case is 
shown in the second row of the table has the lowest cost 
of energy  (COE) at  0.554 $kWh. However, the  lowest 
Net  Present Cost (NPC) is in  the  first case as shown in 
row number. I. A comparison is made  between the  five 
types of hybrid system based on NPC, fuel consumption, 
battery  life  and  generator  life.  It  is  observed  that 
PV/WindDieselIBattery/Inverter combination is the most 
economical approach. This is illustrated in the first row. 
According to the study, the first case also shows a longer 
battery  and  generator  life  span.  An  example  of  a 
PVIWindDiesellBattelymnverter configuration is shown 
in Fig.3. 
In terms of fuel saving, again, the first system as shown in 
the first row of Table 1 is the most economical. Smce the 
renewable energy resources (PV and  Wind)  are meeting 
the,load demands almost constantly, the smallest sh (25 
'kW)  diesel generator will  be  sufficient. This leads to  a 
substantial saving in the maintenance requirements.  The 
least economical system is the stand-alone Diesel generator 
system as it has to be run all the time in order to meet the 
load demand constantly. As the generators are not loaded to 
their optimal operational  conditions, they consumes higher 
fuel consumption than the others. The generator life -span of 
the system is also much shorter. 
Consequently,  the  PVIWID hybrid  system  can save  fuel 
consumption roughly  15000 litre per year and also save the 
replacement  cost  of battery. According to the system has 
enough power to supply electrical load demand on daytime 
by  using  PV,  wind  energy  while  on  the  nighttime  load 
consumption can reach-the power Eom diesel generator and 
battery. We can see that it has three.resources of energy to 
supply the load demand; therefore, battery has not to supply 
the high load for a long period of time so it makes extension 
of the battery life. 
On the other hand, the most expensive system is the stand- 
alonediesel generator because it has the highest replacement 
and fuel costs. It needs to replace the generator once every 
three  years  while  the  hybrid  renewable  energy  needs  to 
replace  the  generator  only  once  every  six  yeas. So, the 
stand  alone  system  will  cost  more  money  than  it  is 
necessary. 
4. CONCLUSION 
In this paper, the economic aspects of the use of a hybrid 
energy  system  on  a  remote  island  in  Thailand  is 
investigated.  In  this study,  five types  of configuration  of 
hybrid systems have been simulated. It was found that the 
most economical system to meet the load demabd in a whole 
day, is WindDieselIBatterylInverter system. It is found that 
the  system  is  managed  to  supply  a  total  load  of  306 
kWhlday.  The cost of energy at  0.55 $/kWh is  the lowest 
among the  cases simulated.  However, the  optimum power 
system is the PVIWindDiesellBatteryIInverter  combination. 
The sizes of the components are recommended to he at size 
15 kW, IOkW, 25kW,  I4OkWh and lOkW respectively. This 
'configuration has the lowest capital cost, fuel cost and the 
components  replacement  cost.  The  results  from  the 
simulation exercise  will be a useful tool to aid  decision in 
the capital investment for the resort island of KO  Tao. 
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Table 1. System size for 24 hours load profde 
* TCC =Total Capital cost 
NPC =.Net Present Cost  . ,  RF  =Renewable Fraction 
COE =Cost of Energy 
EEF =  Excess Energy Fraction 
... 
AC Load  Wind Turbine 
Bi-directional 
.. 
Diesel Generator  Battery Bank  PV array 
Fig 3. PV/Wind/Diesel hybrid system 
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